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Dekorativm foukane sklo a zpusob vyroby 



^'vvnitez'se tyka dekorativniho foukaneho skla, zejmena napojoveho skla, zhotoveneho ze 
zaklalihc ^transparentniho skla, zdobeneho sklenenymi telisky ci prifezy skla rn.llef.on daneho 

U7nma odlisne barevnosti ci sytosti od zakladniho transparentniho skla. ^ Mtt 

Vvnalez se Wkatei zpusobu vyroby dekorativniho foukaneho skla, zejmena napojoveho skla, 
zdobenlhc ' skle^nymi detora Jmi ielisky ci prifezy skla millefiori daneho vzoru a odhsne 
£SEJE2a svtosti od zakladniho transparentniho skta: Na zhavou sklenenou banku ze 
^raSSSintaitesWa se nalepi pfedem pfedehfate sklo millefiori, nasledne se banka 
Tm^o^S T^ a tvaruje mzfukovanim. Ziskany po.otovar bahky s millefior. se 
prTv sWuje'daS v'stvou Uk.adniho transparentniho sk.a. Opet se banka , prohnva, svaluje a 
rozfouK do zadaneho konecneho tvaru rucne ci do formy a nakonec se vychlad.. 

^^ffz^Sfs kla technikou millefiori, tj. pomoci dekoracnich te.isek zvanych tez 
millefiori Ne^e se pfipravi dekoracni teliska - millefiori, vyrobena z ruznobarevnych. vets.nou 
S °" bar !i P n Och skel Jeiich pfiprava probiha tak, ze se do kovove formy vedle sebe naskladaji 

barevnfsT^ ^ a novou sk,ovinOU s . e P pevrstvl - 

ba evnV svazek' se wShne do tycinky urate tlousfky, obvykle prumeru 2 az 10 mm a pote se 
vychladi Vychlazenatycinka se rozseka na tenke kruhoveplatky, tlousfky 3 az 5 mm We e ma, 
v y pSfezu pestrobarevne skvrny, pusobici dojmem kvitku ci j.nych ^J^^^^ 

sp ^rrecrr: 

telisko millefiori se nalepi na povrch zhaveho skleneneho jadra sklovmy, ktere se ™ uze P^. 3 ^ 
dPkorSnM§nsko millefiori zatavene bud v temef nezmenenem tvanj na povrch nebo dovnitr 

?t raci svon estetickou hodnotu Proto se zatim tato technika zdobeni u tenkostenneho skla neujala^ 
Pntom by me a sTne^atelne pfednosti eko.ogicke, nebof millefiori je zhotoveno z ruznych 
drur b a y reTnTch skel, P 6asto obsahujicich vyluhovatelne tezke kovy, a ty by byly bezpecne 
zatavenv mezi dve vrstvy transparentnich skel, vetsinou knsfalovych. # 

cLm tohoto vynalezu je aplikace zdobeni technikou millefior, na tenkostenne sklo, 

zejmena napojove. 

P ° dS ? e yo Y GkoTt j. umozneni ziskani dekorativniho foukaneho tenkostenneho napojoveho 

technikou millefior je pfedmetem tohoto vynalezu, jehoz podstata spociva v torn ze do vnitrku 
zl'adn^ rnmje zataveno rozfouknute tel.sko c, pr.rez 
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z barevne ci sytostne odlisneho skla millefiori daneho vzoru 5 - 30 x zvetseneho pfi zachovani 
jeho proporcionality. 

Toto zdobene sklo se ziska zpusobem vyroby podle tohoto vynalezu, jehoz podstata spociva 
v torn, ze dekorativni sklenene telisko ci pfifez skla millefiori s danym vzorem se pfedem prohfeje 
tak, aby pri jeho nalepovani na zhavou sklenenou banku ze zakladniho transparentniho skla byla 
viskozita jejich stykoveho povrchu v rozmezi 10 4 Pas - 10 9 Pas. Po nalepeni millefiori se banka 
tvaruje prohfivanim, svalovanim a rozfukovanim za soucasneho zvetsovani vzoru millefiori pfi 
zachovani proporcionality jeho vzoru. Ziskany polotvar sklenene banky s millefiori se pfevrstvuje 
zakladni sklovinou, prohfiva se, svaluje a rozfukuje do konecnebo tvaru vyrobku a do zvetseni 
vzoru millefiori, zataveneho dovnitf zakladniho transparentniho skla, 5x az 30x pfi zachovani 
proporcionality jeho vzoru a do zfskani konecne tloust'ky skla vyrobku v oblasti se zatavenym 
millefiori 0 ,5-3 mm. 

Hlavni vyhodou tohoto vynalezu je ziskani noveho originalniho dekorativniho tenkostenneho 
vyrobku, zdobeneho barevnym motivem, vytvofenym zvetsenim zakladniho barevneho vzoru 
millefiori, zataveneho mezi dve transparentni ekologicky nezavadne vrstvy skla. 

Pfikladv provedeni vynalezu 

Pffklad 1 

Vyrabi se tenkostenny tvar kalichu „cibuloviteho" tvaru. Zde je velmi dulezita teplota vzoru 
millefiori pfed pfilepenim. Mefeni teto teploty radiacnim pyrometrem je obtizne, protoze rozmery 
millefiori jsou mensi nez zorne pole pyrometru. Voli se proto metoda pfedehrati millefiori v piece o 
konstantni teplote, merene termoclankem a regulovane. 

Pro obtizne tvarovatelne vyrobky se voli sklo millefiori s viskozitou pri dane teplote vyssi nez 
zakladni sklovina. Pro automatizaci vyroby se polotovar millefiori nahriva v piece s regulovanou 
teplotou a teplota banky se men radiacnim pyrometrem tesne pfed pfilepenim millefiori. Pfi 
aplikaci ruznych typu millefiori na jednu banku se zakladni banka ochlazuje nebo pfedehfiva 
selektivne pro docileni ruzne teploty dokonaleho styku pfi nalepeni. 

Soucasne by nemela teplota stykoveho povrchu klesnout pod transformacni teplotu obou 
skel, aby nedoslo k lomu skla. Dalsi omezeni spociva ve sladeni koeficientu teplotni roztaznosti 
zakladni skloviny a skloviny millefiori, rozdil by nemel byt vyssi nez 0,3. 10* 6 K* 1 . 

Po naberu a vytvofeni zakladni banky je zapotfebi pfilepit maly pfifez nebo pecicku skla 
millefiori s barevnym vzorem na jeji povrch. Aby se spojily dve ruzne sklenene casti, musi jejich 
povrchy mit takovou teplotu, aby po jejich tesnem pfiblizeni byla vysledna teplota stykoveho 
povrchu vyssi nebo stejna jako tzv. teplota lepeni, ktera odpovida viskozite mekciho skla cca 10 9 
Pas. Vysledna teplota stykoveho povrchu, za pfedpokladu opravdu dokonaleho styku, je dana 
vychozi teplotou obou povrchu spojovanych casti a jejich vlastnostmi, v nasem pfipade 
akumulacnimi schopnostmi obou sklovin. 

Plati pomer 

tb — t s E m 

t s - t m Eb 

kde je 

t b vychozi teplota povrchu banky skleneneho polotovaru (°C), 
tm vychozi teplota povrchu pfifezu millefiori (°C), 

t s vysledna teplota vzajemneho povrchu v okamziku dokonaleho dotyku (°C), 
E b tepelna akumulacni schopnost skloviny tvofici banku (J.m 2 .s ~ 1/2 ) a 
E m tepelna akumulacni schopnost skloviny tvofici millefiori (J.m 2 .s " 1/2 ) . 
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Tepelna akumulac ni schopnos t kazde skloviny je dana soucinem 
E = V X .p Cp (2) 

kde je 1 
X tepelna vodivost skloviny (W.m" .K ), 
p mema hmotnost skloviny (kg.m" 3 ) a 
c p merne teplo skloviny (J.kg'V' ). 

Protoze mema hmotnost a merne teplo se u sklovin stejneho typu prilis nelisi, urcuje pomer 
ieiich a umuS . Schopnosti predevsim pomer jejich tepelnych vodivos«. Vod.vost zakladni 
bankv SS klaie vysoka. Vyjadfime-li t. zv.efektivni tepelnou vodivost, ktera zahrnuje 
^s^Tp^^\^oa^J\ zafenim, bude diky male pruchodnosti tepe.neho zaren, u 
barevnych ci opalovych skel, ktera tvofi vzor millefiori tento pomer 

" « V05 - V025 = 0.7 - 0,5 (3) 

Uvazujeme-r. vliv teploty na tepelnou vodivost , ktery je u sklovin s v*»«*g^ H tem 
pfenosu teply salanim znacny, Ize dojlt az k nizkemu pomeru akumulacn.ch schopnost. 

Ze vzorce (1) Izepak^ocitat teplotu stykoveho povrchu, z viskozitni kfivky mekciho skla 
ziistit prf s ru§nou viskozltu a rozhodnout zda dojde k pfilepeni. tedy je-li tato v.skoz.ta n.zs. nez 10 
J DaTsi omezVn i je aby vysledna teplota stykoveho povrchu nebyla n.zs. nez transformacn, 
teolSa zakSdniho tvaru Pak pfi dalsim snizovani teploty vznikne vnitm. tahove napet. ktere 
zcSsobi vznlk rhlinky Ta se sice pfi dalsim ohfevu zaceli. ovsem geometrie vzoru zustane 
S^ tS vyrobe tenkostenneho skla je kapacita tepla ve stene mala, ch.adnut. 

Pr0 Da^i y naber proto musi nasledovat vtakovem pfipade rychle po pfilepeni vzoru millefiori. 
ProShl li vSk oh ev vzoru millefiori prilis rychle a jeho teplota je pod teplotou transformace skla 
vytvofi se IterZVsZine t.akovenape? ktere rovnez vede k ^^^^SS^% 

pms vysoka. dojde pfi rozfukovani k velkemu roztazen. vzoru. pn nemz se mnohdy ztracej, 
Pr ° P ?eplo^ se zjisti vyhodne zmefenim pomoci radiacniho pyrometru 

d0k Svln y i"ep,o.a se vypo«e podle vzorce (1). »^S3S- 

. — * - -a; q c in - 6 K- 1 a efektivni teoe nou vodivosti 120 W.m . K pn lepioie iuuu 

C Jake ZTm MM se poSiij * l^hoTdeslicka prOmeru 6 mm a vysky 2 mm vyWorena 



4 



sklovin se samozfejme velmi list, je vzdy vyrazne nizsi nei zakladniho knstalu, a proto^ro 
vypocet se voli vodivost opalove skloviny, ktera tvofi zaklad pouzitych barevek , cca 30 W.m .K 
pfi 1000 °C a 8 W m' 1 K" 1 pfi 500 °C. Zakladni banka se nabira v peci s teplotou 1 100 °C, po 
pfedfouknuti a svaleni vlhkym svalakem ma vnejsi povrch banky, pomeme tenkostenne, teplotu 
850 °C coz bylo zjisteno radiacnim pyrometrem Minolta-Land, ktery pracuje ve spektralni oblasti 8 
-12 urn kde je sklo nepropustne, takze udaj pyrometnj odpovida teplote vrstvy u povrchu tluste 
maxima'lne 0.2 mm. Emisivita byla pfitom nastavena na hodnotu 0.85, coz odpovida emis.vi e 
mefeneho skla v teto spektralni oblasti. Jedine takto mefena hodnota odpovida skutecne teplote 

POV Wpo6tem podle vzorce (1) vyjde teplota stykoveho povrchu pfi pfedehfati vzoru millefiori na 
300°C v rozsahu 667 - 730°C, coz je hodnota dostatecna pro pfilepeni. ale viskozita je nizka a po 
ofeimuti a rozfouknuti by doslo velikemu zvetseni vzoru a poruseni proporcionality. Je proto nutne 
svalet banku dele, aby teplota povrchu poklesla . volit nizsi vychozi teplotu desticky m.llefion nebo 
jiny vzor millefiori. ktery ma tepelnou vodivost blizsi zakladni kfisfalove sklovine. 

Pouzije-li se sklovin iontove barvenych. ktere nemaji rozptylujici centra, napr. barvenych 
kobaltem medi atd.. muzeme pocitat s pomerem akumulacnich schopnosti knsfalu a millefiori 0.8. 
coz vede'k teplote stykoveho povrchu pfi dokonaleho dotyku obou sklovin 605°C. 

Delsim svalenim se dojde k povrchove teplote 750°C. kdy banka ma jiz viskozitu 
10 s - 10 6 Pas a je dosti tuha. Teplota povrchu pfi dokonalem styku je vypoctem 600 C pro 
ODalove millefiori a 550 °C pro iontove barvene. Prvni teplota vyhovi pozadavku na pnlepeni i na 
rozfukovani. druha je pro rozfukovani jeste lepsi. blizi se teplote transformace pouzitych sklovin 

48 °Tfeti moinosti je snizit teplotu pfedehfati desticky millefiori. Pokud volime teplotu 200 °C a 
svalime na 750 °C, bude teplota dokonaleho styku iontove barveneho millefiori 472 C a 533 u u 
opaloveho skla. Tato hodnota vyhovi u opaloveho skla. je vsak jiz pod transformacni teplotou u 
iontove barveneho millefiori. Uvedeny pfiklad dokumentuje dulez.tost urcen. vychoz.ch teplot a 

Vla pTed S ehSt?miliefiori je vyhodne provadet v regulovane peci, teplotu bahky mefit pyrometrem. 
Zpusob vyroby podle tohoto vynatezu umoznuje celou vyrobu automatizovat. 

P ' Vyrabi se pohar typu ..sampan - fletna" charakterizovany komolym uzkym tvarem nahoru se 
mirne y rozsifujicim. Ustonku je pomerne silna vrstva skloviny led" 1-2 cm 7J . zp .utoteqe velkou 
tepelnou kapacitu u stonku. naproti tomu telo kalicha je velm. slabostenne 1 az 1.5 mm To samo 
o sobe znamena velmi obtizne zachovat proporce vzoru millefiori pn rozf "k°van.. Vzor s e nejen 
jednostranne roztahuje. ale dochazi i kjeho rotaci a rozmazavan. kon ur. nebot >ode I kal chu 
vznika velky teplotni gradient. Tomu se da branit jednak vhodnou vo bou vychoz.ho Wan. i pn 
p^prave polotovaru. i ?olbou tvrdsi skloviny pro jeho vyrobu. jednak v hut, pnmo vhodnou teplotou 
banky pfed pfejmutim.Ta musi byt tak nizka. aby se vzor rozsiroval pouze pn svalovan. t. 
rovnomerne a nikoliv pfi foukani, kdy se protahuje jednim smerem. Zde je nutne vol.t teplotu 
p°edehflt? vzoru co nejmensi, vyhodnejsi volit opalova neprutepliva millefion. Teplotu dokonaleho 

styku volime co nejblize teplote lepeni. tedy nejnizsi moznou. ,„- fmKu 

Uvedene pfiklady provedeni nejsou vycerpavajici a jsou mozne j.ne vananty zpusobu vyroby 
dekorativniho skla podle tohoto vynalezu v ramci rozsahu myslenku patentovych naroku. 

Pn, Uve S de^ VY je 2 'm^ aplikovat v automatizovane vyrobe napojoveho skla. kde vsak se daj, 
pfedpokladat vysoke naroky na dodrzovani technologie a omezeni sortimentu ongmalnich vzoru. 
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PATENTOVE NAROKY 



1 Dekorativni foukane sklo. zejmena napojove sklo, zho ovene ze zakladn.h transpa^entn.ho 
skla pfednostne khsfaloveho, zdobeneho sklenenym. telisky ci prirezy skla millefion 
daneho vzoru. odlisne barevnosti ci sytosti od zakladniho transparentniho skla. 
vvznaCujici se tim, ze 

do vnitrku zakladniho transparentniho skla o tlousfce 0 5- 3 mm je zataveno 
rozfouknute telisko ci pfirez z barevne ci sytostne odlisneho skla millefion daneho 
vzoru 5 - 30 mm plosne zvetseneho pfi zachovani jeho proporcionality. 

2 Zpusobvyrobydekorativnihofoukaneho skla, zejmena napojoveho skla zdobeneho 
sklenenymi dekoracnimi telisky ci pfifezy skla millefion daneho vzon i odhsne » banjjnw* a 
sytosti od zakladniho transparentniho skla, pfi nemz se na zhavou i ah Jenenou i banku » 
zakladniho transparentniho skla nalepi predem pfedehfate sklo m.lle^on naslec he se b anka 
s millefiori prohfiva. svaluje, a tvaruje rozfukovan im, z.skany P° ,0 l° v h a ^ k a a n ^^ a 
pfevrstvuie dalsivrstvou zakladniho transparentniho skla, opet se banka prohriva, svaluje a 
Tozfoukava do zadaneho konecneho tvaru rucne ci do formy, a potom se vychladi. 
vyznaeujicf se tim, ze . , . „ - . Qnn 

- dekorativni sklenene telisko ci prirez skla millefion s danym vzorem se predem 

prohfeje! aby pri jeho nalepovani na zhavou sklenenou banku ze zakladn.ho transparentn.no 
skla byla viskozita jejich stykoveho povrchu v rozmezi 

- po nalepeni millefiori se banka tvaruje prohfivanim. svalovanim a rozfukovanim za 
soucasneho zvetsovani vzoru millefiori pfi zachovani proporcionality jeho vzoru, 

- STpdotvar sklenene bahky s millefiori se pfevrstvuje zakladni sk.ov.nou prohnva se 
svaluje a rozfukuje do konecneho tvaru vyrobku a do zvetsen. vzoru millefion, aftwnjo 
S zakladniho transparentniho skla. 5x az 30x pri zachovani Proporaonahty jehovzoru 
a do ziskani konecne tlousfky skla vyrobku v oblasti se zatavenym millefion 0 .5 - 3 mm. 

3 Zpusob vyroby podle naroku 2. vyznaCujlci se tim, ze pozadovana viskozita zakladni 
transparent^ skloviny banky pfed nalepenim millefiori se zjist. zmeren.m teploty 
radiacnim pyrometrem v oblasti infracervenych vln delsich nez 5 \im. 
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A not ace 

Nazev : Dekorativni foukane sklo a zpusob vyroby 



Do zakladniho transparentniho skla o tlousfce 0,5 - 3 mm zataveno rozfouknute telisko ci 
pfifez z barevne ci sytostne odlisneho skla millefiori daneho vzoai 5 - 30 mm plosne zvetseneho 
pri zachovani jeho proporcionality. Dekorativni sklenene telisko ci pnfez skla millefiori s danym 
vzorem se pfedem prohfeje, aby pfi jeho nalepovanf na zhavou sklenenou banku ze zakladniho 
transparentniho skla byla viskozita jejich stykoveho povrchu v rozmezi 10 4 Pas - 10 9 Pas. 
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Decorative bl wn glass and th method of production 

The Area of the Technique 

The invention concerns decorative blown glass, especially beverage glass, made from basic 
transparent glass, decorated by a glass body or a slice of millefiori glass of a given design and a 
color or saturation different from the basic transparent glass. 

The invention also concerns the production method of decorative blown glass, especially 
beverage glass, decorated by a decorative glass body or a slice of millefiori glass of a given design 
and a color or saturation different from the basic transparent glass. Millefiori glass that has been 
preheated in advance is attached to the hot glass bottle made from basic transparent glass, 
following which the bottle with the millefiori is heated up, rolled, and shaped by blowing. The blank 
bottle with the millefiori that results is interstratified by another layer of basic transparent glass. 
Once again the bottle is heated up, rolled and blown to the desired final shape manually or in a 
form and finally it is cooled down. 

The State of the Technique until Now 

The decoration of glass using the millefiori technique, which is with the help of decorative 
bodies also called millefiori, is well-known. First of all the decorative body is prepared - the 
millefiori, made from various-colored, generally multicolored glasses. Its preparation is carried out 
by placing colored glass rods next to each other in a metal cast, these combine with the hot glass 
and the new glass interstratifies. The colored bunch that is obtained is stretched into glass rods of 
a certain thickness, usually averaging 2 to 10 mm, and then they are cooled down. The cooled rod 
is cut into thin circular slices, 3 to 5 mm thick, which have multicolored spots in the cross-section, 
creating an impression of flowers or other motifs, which gave all of this production as well as the 
products the name millefiori - a thousand flowers. Thin circular slices can also lightly be melted on 
the surface for small decorative bodies, usually in the shape of a grain or a pip, understandably 
with a requirement of maintaining the multicolored design of the millefiori. 

The millefiori decoration technique is an old method for the glasswork production of thick- 
walled glass. The decorative millefiori body is stuck on the surface of a hot glass core, which can 
be interstratified by new glass if need be and finished in the desired final product form. Thus the 
glass paperweight or thick-walled vase or jug is finished. Then they are consistently processed by 
stretching crystal glass and blowing or rolling. At the same time the color pattern either remains the 
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same or increases 2 to 3 times in size. Thus in this way decorative glass is obtained, which is 
decorated by multicolored decorative millefiori, sealed in either a practically unchanged form on the 
surface or inside transparent glass, or it is sealed inside the thick-walled transparent glass during 
the slight enlargement that occurs when shaping the basic transparent glass into the desired 
shape by blowing. 

For thin-walled products, though, the proportionality of the design was corrupted when 
blowing the basic glass with the millefiori glass owing to the uneven viscous flow, thus it loses its 
esthetic value. Therefore this decorative technique has not yet caught on for thin-walled glass. It 
would have undeniable ecological value, though, since millefiori is produced from various types of 
colored glass, often containing extractive heavy metals and these would be safely sealed between 
two layers of transparent glass, usually crystal. 

The goal of this invention is the application of the millefiori decorative technique to thin-walled 
glass, especially for beverages. 

The Substance of the Invention 

This task, meaning enabling the acquisition of decorative blown thin-walled beverage glass 
using the millefiori technique, is the subject of this invention, the substance of which consists in the 
fact that a blown body or slice made of distinctly colored or saturated millefiori glass of a given 
design, enlarged 5 to 30 times while maintaining its proportionality, is sealed inside basic 
transparent glass 0.5 to 3 mm thick. 

This decorated glass is obtained by a manner of production in accordance with this 
invention, the substance of which consists in heating up the decorative glass body or slice of 
millefiori glass with a given design in advance so that when it is stuck to the hot glass bottle made 
of basic transparent glass, the viscosity of its contact surface was in the range of 10 4 to 10 9 Pas. 
After attaching the millefiori the bottle is shaped by heating it up, rolling it and blowing it, 
concurrently enlarging the millefiori design while maintaining the proportionality of its design. The 
blank glass bottle with the millefiori acquired is interstratified by basic glass, heated up, rolled and 
blown into the final shape of the product and into the millefiori design, sealed inside the basic 
transparent glass, enlarged from 5 to 30 times while maintaining the proportionality of its design 
and while attaining the final thickness of the glass of the product of 0.5 to 3 mm in the area of the 
sealed millefiori. 

The main advantage of this invention is obtaining a new original decorative thin-walled 
product, decorated with a color motif created by enlarging the basic millefiori color design, sealed 
between two transparent ecologically-harmless layers of glass. 



Examples of Performing the Invention 



E x a m p I e 1 

A thin-walled form of an onion-shaped chalice is produced. The temperature of the millefiori 
design before being attached is very important here. Measuring this temperature using a radiant 
heat pyrometer is difficult because the dimensions of the millefiori are smaller than the field of view 
of the pyrometer. Thus a method of preheating the millefiori in a pilot furnace at a constant 
temperature, measured by a thermoelement and regulated, is chosen. 

For difficultly-shapeable products millefiori glass with a viscosity that is higher than the basic 
glass at the given temperature is chosen. For automating the production, the millefiori blank is 
heated in a pilot furnace with a regulated temperature and the temperature of the bottle is 
measured by a radiant heat pyrometer right before attaching the millefiori. When applying various 
types of millefiori to one bottle, the basic bottle is cooled off or heated up selectively for attaining 
various temperatures of the perfect contact when applying. 

At the same time the temperature of the contact surface should not drop below the 
transformation temperature of both glasses in order to prevent fractures in the glass. Another 
condition consists of harmonizing the coefficient of the thermal expansion of the basic glass and 
the millefiori glass; the difference should not be higher than 0.3 . lO^K' 1 . 

After the gathering and the creation of the basic bottle it is necessary to attach a small slice 
or pip of millefiori glass with a color design on its surface. In order for the two various glass 
elements to be connected, their surfaces must have such a temperature so that when they are 
brought into close contact the resulting temperature of the contact surface is higher than or the 
same as the so-called binding temperature which corresponds to the viscosity of the softer glass of 
approximately 10 9 Pas. The resulting temperature of the contact surface, on the condition of a true 
perfect contact, is given by the initial temperatures of the both surfaces of the connecting parts and 
their characteristics, in our case the thermal capacities of both glasses. 

This ratio is valid 
tb - t s E m 

— =_(i) 

t s - t m Eb 



where 
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t b is the initial temperature of the surface of the bottle of the glass blank (°C), 
t m is the initial temperature of the surface of the millefiori slice (°C), 

t s is the resulting temperature of the mutual surface in the instant of the perfect contact (°C), 
E b is the thermal capacity of the glass making up the bottle (J.m 2 .s ~ 1/2 ) and 
E m is the thermal capacity of the glass making up the millefiori (J.m 2 .s ~ 1/2 ). 

The thermal capacity of each glass is given by the equation 
E = V X 7p 7c p ~(2) 
where 

\ is the thermal conductivity of the glass (W.m" 1 .K* 1 ), 
p is the specific density of the glass (kg.m" 3 ) and 
Cpis the specific heat of the glass (J.kg~ 1 K~ 1 ). 

Because the specific density and specific heat do not differ much for glass of the same type, 
the rate of their thermal capacity is largely determined by the rate of their thermal conductivity. The 
conductivity of a basic bottle from crystal glass is high. If we express the so-called effective thermal 
conductivity, which includes the transfer of heat by true thermal conductivity as well as by radiation, 
this ratio results, thanks to the small capacity of the thermal radiation for the colored or opal glass 
which makes up the millefiori design: 

Em 

: * V0.5 - V0.25 = 0.7 - 0.5 (3) 

E b 

If we take into account the influence of the temperature on thermal conductivity, which is 
considerable for glass with a marked share of heat transfer by heat radiation, a low rate of thermal 
capacity can be reached: 

E b /E m = 0.3. 

It is then possible to calculate the temperature of the contact surface from formula (1), to 
ascertain the respective viscosity from the viscosity curve of the softer glass and to decide whether 
or not attachment has occurred (if this viscosity is lower than 10 9 ). 

A further limitation is that the resulting temperature of the contact surface cannot be lower 
than the transformation temperature of the basic form. If it is then when the temperature is lowered 
further internal tensile stress occurs, causing a fracture to arise. While this is closed up with further 
heating, the geometry of the design remains impaired because, during the production of thin-walled 
glass, the thermal capacity in the wall is small and cooling down occurs quickly. 
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Thus another gathering must result quickly after attaching the millefiori design in 
such a case. If, however, the heating of the millefiori design occurs too rapidly and its temperature 
is below the transformation temperature of the glass, pressure stress arises in the colored glass, 
also leading to the destruction of the design. The blank of the millefiori design is created by sticking 
rods of various glasses with various expansibilities together, so there is stress in the blank itself. If 
the temperature of the millefiori blank is low, meaning it has a viscosity higher than or the same as 
the surface of the cooled-down bottle, then this high viscosity prevents the blowing of the design, 
which is only slightly enlarged and only stretches out in the nearest vicinity. If the temperature of 
the surface design before being received is too high, the design is stretched out greatly while 
blowing, during which it often loses proportion and the design is damaged. 

The temperature required for formula (1) is determined by an expedient measurement using 
a radiant heat pyrometer in the spectrum of radioactive waves longer than 5 |im. For difficultly- 
shapeable products it is advantageous to choose a millefiori blank with a viscosity higher than the 
basic glass at the given temperature so that the proportionality of the decoration is not impaired. 
For production automation it is advantageous when the millefiori blank is heated in the pilot furnace 
with a regulated temperature for the even heating of the glass and the temperature of the bottle is 
measured by a pyrometer right before the attachment itself. When applying millefiori with various 
characteristics to one bottle the basic bottle is cooled down or heated up selectively for attaining 
the various temperatures of the perfect contact. 

Calculate the desired temperature according to formula (1). The basic glass is transparent barium 
crystal with an expansibility of 8.5 . 1CT 6 K" 1 and the effective thermal conductivity is 120 W.nV 1 . K' 1 
at a temperature of 1000°C. A circular plate averaging 6 mm wide and 2 mm high, made up of four 
various-colored glasses, is used as the millefiori design. The design created, a heart for example, 
is not axially symmetrical. The expansibility of the glass used (opal, orange, ruby, cobalt blue, 
turquoise, etc.) differs from the basic glass by + - 0.3 . 10" 6 K~\ which guarantees the occurrence of 
only safe internal stress. The effective thermal conductivity of these glasses varies widely, of 
course, it is always significantly lower than basic crystal and therefore opal glass, which forms the 
basis of the glass colors used (approximately 30 W.m" 1 .K' 1 at 1000°C and 8 W.m" 1 .K' 1 at 500°C), is 
chosen for the calculation of conductivity. The basic bottle is gathered in a furnace with a 
temperature of 1100°C, after blowing and rolling with a damp roller the external surface of the 
bottle, relatively thin-walled, has a temperature of 850°C, which was ascertained by a Minolta- 
Land radiant heat pyrometer, which works in the spectral frequency of 8 -12 jim where the glass is 
impenetrable, so the pyrometer's information corresponds to the temperature of the layers at a 
surface 0.2 mm thick, at most. The emissivity was set at a value of 0.85, which corresponds to the 
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emmisivity of the measured glass in this spectral frequency. Only values measured in this manner 
correspond to the actual temperature of the bottle's surface. 

By a calculation in accordance with formula (1) the temperature of the contact surface when 
preheating the millefiori design to 300°C amounts to a range of 667 - 730°C, which is a value 
sufficient for the attachment, but the viscosity is low and, after taking and blowing it, a great 
enlargement of the design would take place, impairing the proportionality. It is therefore important 
to roll the bottle longer so that the temperature of the surface decreases, to choose a lower initial 
temperature of the millefiori plate or other millefiori design, which has a thermal conductivity closer 
to the basic crystal glass. 

If ionic colored glass that does not have a dispersing center (colored, for example, by cobalt, 
copper, etc.) is used, we can count on a thermal capacity ratio of crystal and millefiori of 0.8 which 
leads to a temperature of 605°C for the contact surface of both glasses during a perfect contact. 
Longer rolling leads to a surface temperature of 750°C when the bottle already has a viscosity of 
10 5 - 10 6 Pas and it is rather solid. The surface temperature during perfect contact is calculated to 
be 600°C for opal millefiori and 550°C when ionic-colored. The first temperature satisfies the 
requirements for attaching and for blowing, the second is even better for blowing as it is closer to 
the transformation temperature of 480 - 500°C for the glass used. 

The third possibility is to lower the temperature for preheating the millefiori plate. If we 
choose a temperature of 200°C and we roll to 750°C, the temperature of perfect contact of ionic- 
colored millefiori is 472°C and 533°C for opal glass. This value satisfies the requirements for opal 
glass but is below the transformation temperature for ionic-colored millefiori. The example shown 
documents the importance of determining the initial temperature and characteristics of the glass. 
It is advantageous to preheat the millefiori in a regulated furnace and to measure the temperature 
of the bottle with a pyrometer. The method of production in accordance with this invention enables 
the entire production to be automated. 

Example 2 

A goblet of the type of "champagne - flute" is produced, characterized by a truncated narrow 
shape slightly widening towards the top. At the stem there is a relatively thick (1-2 cm) layer of 
"ice" glass. This causes a large heat capacity at the stem, while the body of the chalice, on the 
other hand, is very weak-walled (1 to 1.5 mm thick). This also means it is very difficult to maintain 
the proportions of the millefiori design when blowing. The design not only unilaterally expands, but 
its rotation and the blurring of the contours also occurs because a large temperature gradient 
occurs along the chalice. This can be prevented in part by a suitable choice of the initial shape 
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during the preparation of the blank as well as by the choice of a harder glass for its production, 
and in part directly in the glassworks using a suitable temperature for the bottle before taking it. 
That must be low enough so that the design only expands during the rolling (i.e. evenly) and not at 
all when blowing, when it expands in one direction. It is important to choose the lowest temperature 
possible for preheating the design and more advantageous to choose an opal adiathermanous 
millefiori. We choose the temperature of the perfect contact to be as close as possible to the 
binding temperature, in other words the lowest possible temperature. 

The examples of the application mentioned are not exhausted and other variations in the 
methods of production of decorative glass are possible according to this invention in the framework 
of the range of the ideas of the patented claims. 

Industrial Utilization 

It is possible to apply the above in the automated production of beverage glass where it is possible 
to expect high demands, however, on the maintenance of technology and a restriction on the 
assortment of original designs. 
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PATENT CLAIMS 

1. Decorative blown glass, especially beverage glass, produced from basic transparent glass, 
preferably crystal, decorated by a glass body or a slice of millefiori glass of a given design and 
a color or saturation different from the basic transparent glass, 

is distinguished by the fact that 

A blown body or slice from differently colored or saturated millefiori glass of a given design of 
5 to 30 mm enlarged over the entire area while maintaining its proportionality is sealed inside 
the basic transparent glass 0.5 to 3 mm thick. 

2. The manner of production of decorative blown glass, especially beverage glass, decorated by a 
glass decorative body or slice of millefiori glass of a given design of a color or saturation 
different from the basic transparent glass, during which the millefiori glass, preheated in 
advance, is attached to the hot glass bottle from basic transparent glass, following which the 
bottle with the millefiori is heated, rolled and shaped by blowing, the blank bottle with the 
millefiori obtained is interstratified by a further layer of basic transparent glass, once again the 
bottle is heated up, rolled and blown to the desired final shape manually or in a form and then it 
cools down, 

is distinguished by the fact that 

- The decorative glass body or slice of millefiori glass with a given design is heated up in 
advance so that during its attachment to the hot glass bottle made of basic transparent glass 
the viscosity of its contact surface is in the range of 10 4 to 10 9 Pas, 

After being attached, the millefiori with the bottle is shaped by heating, rolling and blowing while 
concurrently enlarging the millefiori design while maintaining the proportionality of its design, 

- The blank of the glass bottle with the millefiori obtained is interstratified by basic glass heated, 
rolled and blown to the final shape of the product and into the millefiori design, sealed inside 
the basic transparent glass, enlarged from 5 to 30 times while maintaining the proportionality of 
its design and while obtaining the final thickness of the glass of the product of 0.5 to 3 mm in 
the area of the sealed millefiori. 

3. The method of production conforming to claim 2 is distinguished by the fact that the desired 
viscosity of the basic transparent glass of the bottle before attaching the millefiori is determined 
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by measuring the temperature with a radiant heat pyrometer in the spectrum of infrared 
waves longer than 5 jim. 



Annotation 
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Title: Decorative Blown Glass and the Manner of Production 

A blown body or slice from differently colored or saturated millefiori glass of a given design of 5 to 
30 mm enlarged over the entire area while maintaining its proportionality is sealed inside the basic 
transparent glass 0.5 to 3 mm thick. The decorative glass body or slice of millefiori glass with a 
given design is heated up in advance so that during its attachment to the hot glass bottle made of 
basic transparent glass the viscosity of its contact surface is in the range of 10 4 to 10 9 Pas. 



